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1. Background

RSTD performance and accuracy for geolocation were investigated by a number of contributions. In this contribution we provide an analysis the RSTD simulation results presented in Refs [1-6]. The analysis in this paper serves as the base for the RSTD accuracy requirement proposal presented in Ref. [7].
2. RSTD Link Simulation Results
Most of the referenced contributions [1-5] present the RSTD link simulation results in the form of CDF figures. To facilitate the discussion, we generate data tables from the some of the CDF figures. The generation is based on 90 percentile CDF values if the values can be reasonably obtained from the figures. Otherwise, 67 percentile CDF values may be used to derive the data tables. In all of the referenced contributions [15], PRS bandwidth equals to the full carrier bandwidth.
It should be noticed that the simulation assumptions are not the exact same in these contributions. For example, different number of PRS subframes, channel models and Ês/Noc are used simulations. These differences should be considered when one compares the RSTD simulation results. The readers are encouraged to read the original contributions for more details of the RSTD simulation assumptions and results referenced in this contribution. 
4.1.1 Link-level Simulation Results from R4-100098

R4-100098 provided the link-level simulation results for the cases of 1.4 MHz and 10 MHz. The simulation results with 6 consecutive non-coherently accumulated subframes are presented in the following tables.
Table 4-1: 1.4 MHz, synchronous network, ETU model (from Table 2, R4-100098)

	Cell IDs
	Ês/Noc [dB]
	Cell 2
	Cell 3

	
	
	RSTD error, [Ts]
	Pdet, [%]
	RSTD error, [Ts]
	Pdet, [%]

	<0,1,2>
	<-6,-13,-13>
	4.4
	78.0
	3.0
	64.0

	
	<6,-13,-13>
	3.5
	78.0
	2.5
	58.0

	<0,3,6>
	<-6,-13,-13>
	4.1
	78.0
	3.0
	67.0

	
	<6,-13,-13>
	3.7
	78.0
	2.1
	61.0

	<0,6,12>
	<-6,-13,-13>
	4.1
	68.0
	2.1
	68.0

	
	<6,-13,-13>
	2.8
	64.0
	2.3
	75.0


Table 4-2: 10 MHz, synchronous network, ETU model (from Table 3, R4-100098)

	Cell IDs
	Ês/Noc [dB]
	Cell 2
	Cell 3

	
	
	RSTD error, [Ts]
	Pdet, [%]
	RSTD error, [Ts]
	Pdet, [%]

	<0,1,2>
	<-6,-13,-13>
	1.6
	100.0
	1.2
	100.0

	
	<6,-13,-13>
	1.5
	100.0
	1.0
	100.0

	<0,3,6>
	<-6,-13,-13>
	1.1
	100.0
	0.9
	100.0

	
	<6,-13,-13>
	1.0
	100.0
	1.0
	100.0

	<0,6,12>
	<-6,-13,-13>
	1.6
	100.0
	1.5
	100.0

	
	<6,-13,-13>
	1.7
	100.0
	0.8
	100.0


4.1.2 Link-level Simulation Results from R4-100131

R4-100131 discussed the RSTD accuracy and provided the link-level simulation results for the cases for 1.4 MHz with AWGN, EPA and EVA models in CDF figures. The simulation was done with 1 consecutive non-coherently accumulated subframe. Tables 4-3 shows the RSTD errors corresponding approximately to 90 percentile obtained from the CDF figures.
Table 4-3: Absolute RSTD Errors [μs] from the figures 2.2.1 – 2.2.15 in R4-100131

(1.4 MHz, synchronous network, 3km/h, 1 PRS subframe)
	Cell IDs
	Ês/Noc [dB]
	AWGN
	EPA
	EVA

	
	
	Cell 2
	Cell 3
	Cell 2
	Cell 3
	Cell 2
	Cell 3

	<0,1,2>
	<-13,-13,-13>
	2
	2
	1.9
	1.9
	1.9
	1.9

	
	<-6,-13,-13>
	1.3
	1.3
	1.6
	1.6
	1.8
	1.8

	
	<20,-13,-13>
	1.2
	1.2
	1.5
	1.5
	1.7
	1.7

	<0,3,6>
	<-6,-13,-13>
	1.5
	1.7
	1.7
	1.8
	1.8
	1.8

	
	<20,-13,-13>
	1.5
	2
	1.6
	2
	1.7
	2


Table 4-3 shows that the RSTD errors obtained with 1 PRS subframe for 1.4 MHz are in the range of [1.3 – 2] μs or [390 – 600] m. Obviously, the RSTD errors is too large for E911 emergency service. 

Comparing Table 4-3 with Table 4-1, increasing the number of accumulated PRS subframes from 1 to 6 may reduce the RSTD error from [1.3 – 2] μs (or [40 – 61] Ts) to 2 – 4 Ts for 1.4 MHz. 
4.1.3 Link-level Simulation Results from R4-100510

R4-100510 also investigated the RSTD accuracy and provided the link-level simulation results for the cases with AWGN and ETU models. The RSTD errors corresponding approximately to 90 percentile are obtained from the CDF figures and shown in the Tables 4-4 and 4-5 for the cases without and with autonomous muting, respectively.
Table 4-4: Absolute RSTD Errors [Ts] from the figures 5.1 – 5.4 in R4-100510
(synchronous network, 3km/h, without autonomous muting)

	Cell IDs
	Ês/Noc [dB]
	AWGN
	ETU

	
	
	Cell 2
	Cell 3
	Cell 2
	Cell 3

	<0,1,2>
	<25,-5,-10>
	3
	10
	7
	290

	<0,6,12>
	<25,5,0>
	180
	210
	220
	260


Table 4-5: Absolute RSTD Errors [Ts] from the figures 10.1 – 10.4 in R4-100510

(synchronous network, 3km/h, with autonomous muting)

	Cell IDs
	Ês/Noc [dB]
	AWGN
	ETU

	
	
	Cell 2
	Cell 3
	Cell 2
	Cell 3

	<0,1,2>
	<25,-5,-10>
	2
	2
	2
	2

	<0,6,12>
	<25,5,0>
	2
	2
	2
	2


Note: 
· The simulation in R4-100510 was done with [1, 3, 6] consecutive non-coherently accumulated subframes. Tables 4-4 and 4-5 present only the results with 6 subframes.

4.1.3 Link-level Simulation Results from R4-100515
R4-100515 discussed the RSTD accuracy and provided the link-level simulation results for the cases of 1.4 MHz and 10 MHz with ETU model. The RSTD errors corresponding approximately 67 percentile (Table 4-6b) and to 90 percentile (other tables) are obtained from the CDF figures and shown in the following Tables 4-6 and 4-7 for the 1.4 MHz and 10 MHz respectively.

Table 4-6a: RSTD Errors [Ts] (90 percentile) from the figures 2 and 4 in R4-100515
(1.4 MHz, synchronous network, 3km/h)

	Cell IDs
	Ês/Noc [dB]
	ETU

	
	
	Cell 2
	Cell 3

	<0,1,2>
	<-6,-13,-13>
	*
	*

	
	<9.5,-13,-13>
	*
	*

	<0,6,12>
	<-6,-13,-13>
	50
	50

	
	<9.5,-13,-13>
	18
	60


* RSTD Errors for 90 percentile cannot be derived from the figures
Table 4-6b: RSTD Errors [Ts] (67 percentile) from the figures 2 and 4 in R4-100515

(1.4 MHz, synchronous network, 3km/h)

	Cell IDs
	Ês/Noc [dB]
	ETU

	
	
	Cell 2
	Cell 3

	<0,1,2>
	<-6,-13,-13>
	6
	6

	
	<9.5,-13,-13>
	*
	7

	<0,6,12>
	<-6,-13,-13>
	6
	6

	
	<9.5,-13,-13>
	7
	6


* RSTD Errors for 67 percentile cannot be derived from the figures

Table 4-7: RSTD Errors [Ts] from the figures 3 and 5 in R4-100515
(10 MHz, synchronous network, 3km/h)

	Cell IDs
	Ês/Noc [dB]
	ETU

	
	
	Cell 2
	Cell 3

	<0,1,2>
	<-6,-13,-13>
	1
	1

	
	<9.5,-13,-13>
	1
	1

	<0,6,12>
	<-6,-13,-13>
	1
	1

	
	<9.5,-13,-13>
	1
	1


Note: 
· The simulation in R4-100515 was done with [1, 6] consecutive non-coherently accumulated subframes. Tables 4-6 and 4-7 present only the results with 6 subframes.

4.1.3 Link-level Simulation Results from R4-100797

R4-100797 discussed the RSTD accuracy and provided the link-level simulation results for the cases for 1.4 MHz with AWGN, EPA and ETU models. The simulation was done with 1 consecutive non-coherently accumulated subframe. The RSTD errors corresponding approximately to 90 percentile are obtained from the CDF figures and shown in Table 4-8:

Table 4-8: RSTD Errors [μs] from the figures 1 to 18 in R4-100797

(1.4 MHz, synchronous network, 3km/h, 1 PRS subframe)

	Cell IDs
	Ês/Noc [dB]
	AWGN
	EPA
	ETU

	
	
	Cell 2
	Cell 3
	Cell 2
	Cell 3
	Cell 2
	Cell 3

	<0,1,2>
	<-13,-13,-13>
	1.0
	1.0
	3.5
	3.5
	3.5
	3.5

	
	<-6,-13,-13>
	0.5
	0.5
	3.0
	3.0
	3.0
	3.0

	<0,3,6>
	<-13,-13,-13>
	1.5
	1.5
	3.5
	3.5
	3.5
	3.5

	
	<-6,-13,-13>
	0.5
	1.0
	2.5
	2.5
	3.0
	3.0

	<0,6,12>
	<-13,-13,-13>
	2.0
	2.5
	3.5
	3.5
	3.5
	3.5

	
	<-6,-13,-13>
	1.5
	2.5
	2.5
	3.5
	3.0
	3.5


Similar with Table 4-3, Table 4-8 shows that the RSTD errors obtained with 1 PRS subframe for 1.4 MHz are too large for E911 emergency service. 

3. RSTD Simulation Analysis
The RSTD link simulation results in Section 2 show that the following factors have major impacts on the RSTD accuracy:
· PRS Bandwidth. The simulation results show that the RSTD accuracy depend heavily on the PRS transmission and measurement bandwidth. For example, when PRS bandwidth is 10 MHz, the RSTD accuracy will be 1-2 Ts for non-overlapping cells. When PRS bandwidth is 1.4 MHz, the RSTD error will normally be much larger in comparison with the results with PRS bandwidth being 10 MHz. The simulation results imply that unlike the accuracy requirement for SFN-SFN timing difference defined in TS25.133 for UMTS, the different RSTD accuracy requirements should be defined against the PRS bandwidth, such as 1.4MHz, 3MHz, 5MHz and 10MHz, respectively.   
· PRS Subframes. The simulation results show that the RSTD accuracy depend heavily on the number of PRS subframes used in the RSTD determination. For narrow bandwidth, such as 1.4 MHz, multiple consecutive PRS subframes, as shown in Table 4-1, should be used to provide more accurate RSTD measurements for geolocation applications.
· PRS Ês/Noc. It is obvious that higher PRS Ês/Noc will result in better RSTD accuracy. However, the simulation results show that impact of PRS Ês/Noc  is not that significant once the PRS SINR is higher than a certain threshold when PRS can be detected reliably. For example, the impact of different Ês/Noc settings is hardly noticeable in some of simulation results, e.g., Tables 4-5 and 4-7.
· RSTD Accuracy for PRS 10 MHz. Based on the simulation results referenced in this contribution, the RSTD Accuracy for PRS 10 MHz is achievable around 1 – 2 Ts for 90 percentile under normal RF conditions for non-overlapping cells or overlapping cells with autonomous muting.
· RSTD Accuracy for PRS 1.4 MHz. According to the simulation results referenced in this contribution, it seems we may need to consider a smaller percentile to define the RSTD accuracy for PRS 1.4 MHz, such as 67 percentile (see Tables 4-6a and 4-6b).
4. Summary

In this contribution, we provide a summary of link-level RSTD accuracy simulation assumptions and results. Based on the analysis of the simulation assumptions and results, we further propose that the RSTD accuracy should be defined separately for different bandwidths. We suggest defining RSTD Accuracy for PRS 10 MHz to 1 – 2 Ts level with 90 percentile, while we also suggest using lower percentile, such as 67 percentile for 1.4 MHz bandwidth.
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